Abstract. Electrical activity recording from the brains of awake animals is a corner stone in the study of the neurophysiological basis of behavior. To meet this need, a microelectrode driver suitable for the animal of interest has to be developed. In the present study a miniature microdrive was developed specifically for the leopard toad, Bufo regularis, however, it can be used for other small animals. The microdrive was designed to meet the following requirements: small size, light weight, simple and easy way of attaching and removing, advancing and withdrawing of microelectrode in the animal brain without rotation, can be reused and made from inexpensive materials. To assess the performance of the developed microdrive, we recorded auditory evoked potentials from different auditory centers in the toad's brain. The potentials were obtained from mesencephalic, diencephalic and telencephalic auditory sensitive areas in response to simple and complex acoustic stimuli. The synthetic acoustical tones introduced to the toad were carrying the dominant frequencies of their mating calls.
Introduction
A major aim of neuroscience is to understand the relationship between brain activity and behaviour. Investigators have developed techniques to record activity within the brain of behaving animals (Korshunov 1995; Kralik et al. 2001; Battaglia et al. 2009; Galashan et al. 2011) . These techniques usually involve electrodes attached to a device, in a manner that allows for their gradual advancement into the brain structure of interest. Such a device (microdrive) should meet several requirements; small size and weight, precise advancement and withdrawal, stability over time, simple installation and low cost.
Sensory evoked potentials can be used to test the suitability of a microdrive, because they occur in a defined period of time (shortly after a stimulus) and can therefore be averaged easily. Moreover, their general waveform patterns are usually well documented (Carey and Zelick 1993; Feng et al. 2006) . A sensory evoked response may be defined as a local signal generated by integration of membrane currents in response to the stimulation of a peripheral sense organ or sensory nerve. Evoked potentials appear at certain time interval after the stimulus (i.e. latency) and usually in a particular wave shape pattern. Depending on the type of electrode used the evoked response represents the combined activity of some to many neurons. Because of the longer time constants, afferent activity processed in the dendrites contributes more strongly to local field potentials than spike activity.
Auditory evoked potentials (AEP) in animals have been of interest to gain insight into the auditory pathway and auditory neurophysiology. For example, Feng et al. (2006) have used AEP from the midbrain auditory center in the frog central nervous system to validate the ultrasonic sensitivity of a certain anurans species (A. tormotus).
Several researchers have adopted different strategies for developing microdrives that are suitable to their work (McHughet al. 1996; Yu and Margoliash 1996; Yamamoto and Wilson 2008) . Experiments are often carried out with small animals such as rats, mice, or birds. Some of the developed microdrives are relatively heavy, often exceeding 10% of the animal's body weight (e.g. 3.5 g for the device described by McHugh et al. (1996) , or about 8 g for the device used by Yamamoto and Wilson (2008) ). The weight of the electrode drive limits the range of feasible behavioral tasks to very basic ones, such as spatial exploration and foraging.
Anurans are especially attractive as research subjects because their auditory system allows integrative studies of neural, behavioural, and evolutionary biology in a way offered by very few other auditory systems. The central auditory system of anuran has major auditory nuclei (torus semicircularis, auditory thalamus and telencepahlic medial pallium) concerned with sound processing and analysis. The torus semicircularis in the midbrain which is homologous to the inferior colliculus in the mammalian brain is a major center for processing of acoustic signals (Hall 1994; Walkowiak and Luksch 1994) . The main ascending connections from the torus terminate in the central thalamic nucleus but several other nuclei in this region receive inputs from the central thalamic nucleus and directly from the tours as well (Neary 1988) , so that auditory sensitivity is widespread in the diencephalon. Although a homologue of the auditory cortex does not exist in the anuran telencephalon, some telencephalic areas receive connections from auditory nuclei in the diencephalon and/or directly from the torus (Neary 1988) . Therefore, auditory evoked potentials can be recorded from numerous locations in the brain.
The present study aimed at designing and constructing a miniature microdrive suitable to be mounted on the head of small animal like the Leopard toad (Bufo regularis). Furthermore, we report recording of auditory evoked potentials from telencephalic, diencephalic, and mesencephalic auditory centers in the toad's brain.
Materials and Methods

Experimental animals
The experimental animals used in the present study were Egyptian leopard toads (Bufo regularis). The animals were housed for 1-2 weeks to get adapted on the laboratory environment. The animals had an average snout-vent length of 6-8 cm and were purchased from commercial suppliers in Egypt (Wadi Al-Nil Co., Cairo, Egypt). They were housed in groups of 6 to 8 animals in glass terraria (60 × 30 × 30 cm 3 ) for 1-2 weeks prior to experiments. The terraria were equipped with suitable amounts of mud, water and stones for the toads to hide. The temperature was maintained at 20-25°C, and a light/dark cycle (of 12 h/12 h with lights on at 6:00 a.m.). Toads were fed on mealworms, which provided twice a week. The electrophysiological recordings were obtained from 10 toads (Snout to tail dimension was 10-13 cm).
Design and construction of the microdrive
The microdrive was assembled from 7 parts, as shown in was made in the anterior part of the microdrive. Two holes drilled in the upper and lower ends with a diameter of ~ 1 mm. A sleeve protruding 5 mm from the end of this part was made at the posterior part of the microdrive body. The microelectrode holder was constructed as a separate part and made of plastic. The anterior part of the holder was 7 mm long, 4 mm thick and 6 mm wide. The posterior part was 5 mm long, 2 mm thick and 3 mm wide. A hole was drilled in the anterior part with ~ 0.5 mm in diameter. Another hole ~ 1 mm in diameter was drilled in the posterior part of the microelectrode holder.The driving screw was constructed (home made) with 28 mm length and had 4 turns/mm. The scalar is a circular sheet of plastic, which has a diameter of 7 mm, and 8 holes were drilled at equal distancesin the scalar nearby the outer border. The nut has inner diameter of 1 mm and a thickness of 1 mm.The microdrive base has a cylindrical shape 4 mm high and a circular diameter of 5 mm. A hole was drilled through the base to receive a small screw 4 mm long. By turning the driver (adjusting) screw clockwise the microelectrode moves ventrally without any rotation, as there is no direct connection between the screw and the microelectrode, but the movement is transformed through the microelectrode holder. Turning the screw anticlockwise moves the microelectrode dorsally. This possibility enables multiple penetrations of the microelectrode into the brain tissue during the same experiment, and recording of the electrical activities from different brain depths. One full turn of the driver screw advances the microelectrode by 250 µm. The 8 equally distant holes at the microdrive scalar ensure that, the driver screw can be turned as little as 1/8 turn and advance the microelectrode by about 31 µm.The total distance that the microelectrode can travel is about 15 mm (which enables the microelectrode to reach nuclei at any depth inside the brain) and the weight of the whole assembly is 1.5 g. The microdrive assembly (base and shaft) occupy only the third of the area available over the animal head. The electrical connection was made through a miniaturized female pin (FHC, Bowdoinham, USA) which is connected to the microelectrode pin only during the recording procedure.
Animal surgery
The experimental animal was anaesthetized by immersion in 0.2% tricainemethanesulfonate (MS 222, Sigma-Aldrich) for approximately 10 minutes. Then, the animal was wrapped in moist tissue to maintain cutaneous respiration.The dorsal skin was incised near the nasal openings to the insertion of the neck muscles. An opening of 5 mm in diameters was made in the exposed bone of the animal's skullby aid of a drill of 1 mm tip diameter (Proxxon, Germany). Care was taken to prevent any bleeding from the two main blood vessels running at both sides of the toad's head. The dura mater was then cut and retracted by aid of the fine scissor and forceps. A very small cut in pia mater was made allowing the electrode to enter the brain tissue without opposition. The assembled microdrive loaded with the microelectrode is then fixed over the animal head via its permanently cemented base. The fixed base ensured that the microelectrode doesn't move during animal movement and granted the repositioning of the microelectrode within the same area of recording between experiments. By turning the drive screw, the microelectrode can be lowered into the brain. After advancing the microelectrode into the brain tissue, one drop of paraffin oil poured over the opened area to keep the exposed brain from drying out. Pin electrode was inserted under the animal's skin in nearby inactive area acting as an indifferent electrode.
Experimental setup and recording procedures
Experiments were made in a soundproof, reflectiondamped chamber (190 × 220 × 190 cm 3 ). The animal was placed in an acoustically-transparent Faraday cage (30 × 30 × 30 cm 3 ). The sound stimuli were delivered through a loudspeaker placed 80 cm away from the Faraday cage. The acoustic stimuli were synthesized and back played using a Tucker Davis Technologies (TDT) system. The acoustic stimuli used in the present study were simple (600 Hz) and complex tones (600 + 1500 Hz), which have frequencies matching the animal's mating call (see Akef and Schneider (1990) for mating call parameters). The sound pressure level (SPL) was estimated by a sound level meter (Brüel and Kjaer 2203, Germany). All the acoustic stimuli were back played at SPL of 70 dB.
Sensory evoked potentials were picked up by using a tungsten microelectrode (1 MΩ, 5 μm), amplified (× 10 4 ) by a battery-powered amplifier (DAM 70, WPI, USA), digitized by an analog/digital converter (Microstar laboratories Inc., USA), displayed on the screen, and saved on the computer's hard disk for offline analysis. Evoked potentials and multiunit activities were picked up from different auditory nuclei, in response to the back played acoustic stimuli, by the same microelectrode. However, they were discriminated by digital band-pass filtration at 1-300 Hz and 100-3000 Hz, respectively. Latency and duration of these neural activities were determined in the midbrain (torus semicircularis), diencephalic (dorsal thalamus) and telencephalic (medial palium) auditory nuclei.
Histological procedures
Tissue sections were made after the end of each experiment to verify the recording site, by using the Nissl-staining method. A lesion was made by passing 0.5 μA current through the recording electrode, which was subsequently removed. The toads were lethally anaesthetized by immersion in 0.2% MS 222, and perfused through the heart with a physiological saline solution. The toads were then decapitated and the head of the animal was incubated in Bouin fixative for 3-14 days. The fixed head was then rinsed in running tap water for 3-7 days. The brain was carefully dissected outas shown in Fig. 2 , and incubated in 70 % ethanol for 2-3 days. The brain was then transferred into 96% ethanol for 12 h and into 100 % ethanol for 1-2 h. It was then treated with xylol for 2 h and again in a freshly prepared xylol for 3 h. A solution of 1:1 from xylol and a 70°C melted paraplast was prepared and the brain was kept for 2 h in this solution at 70°C. The brain was left overnight in a pure paraplast solution. The brain embedded-paraplast was left at room temperature till it solidified. It was then sliced into 15 µm sections via microtome.
Results
Compatibility of the microdrive
The neural recordings were executed in wake unanesthetized animals. The light weight of the designed microdrive (1.5 mg) enables the animals to behave without significant alterations in their normal behavior of walking, crawling and even jumping (Fig. 3) .
Histology
Nissl stained sections revealed the track of the microelectrode within the brain tissue as shown in the Fig. 4 . This procedure verifies the site of recording within the brain tissues after the end of the recording procedures.
Electrical activity recorded from the midbrain
As shown in Fig. 5 and Table 1 , multiunit responses were obtained from the midbrain auditory nuclei (torus semicircularis) in the awake and freely moving toad (Bufo regularis) in response to the acoustic stimulus. The acoustic stimulus used was a simple tone of 600 Hz carrier frequency, rise/fall time of 10 s and duration of 500 ms, which was played back at intervals of 2 s. The depth of the microelectrode in the toad's brain ranged from 1000 to 1500 μm. The responses were of two types: A phasic response which appears only at the beginning of the acoustic stimulus (0.3 mV) and a phasictonic response starting with a high amplitude (0.6 mV) response followed by a sustained response during the whole period of the acoustic stimulus. The phasic responses were obtained in recording positions, which lay rostral to the recording positions of thephasic-tonic response in the torus semicircularis. The latencies of the phasic responses ranged from 11 to 18 ms and the duration of the responses from 21 to 40 ms (10 animals). The latency of the phasic-tonic responses ranged from 9 to 14 ms and the duration of the responses from 100 to 120 ms (10 animals).
Electrical activity recorded from the diencephalon
As shown in Fig. 6 and Table 2 , multiunit responses and evoked potentials were recorded in the central nucleus of the dorsal thalamus. The acoustic stimulus was a simple tone burst with carrier frequency of 600 Hz, rise/fall time of 10 ms and duration of 100 ms. The recording positions ranged from 250 to 500 μm. The evoked potential wave pattern was of bi-phasic type; it started with a large negative peak (0.4 mV) followed by a small positive peak (0.15 mV) and then returned to baseline. The multiunit responses had the same duration as the evoked potential, which ranged from 40 to 100 ms. The latency of the responses in these auditory nuclei ranged from 17 to 22 ms (10 animals).
Electrical activity recorded from the telencephalon
As shown in Fig. 7 , evoked potentials were recorded from the medial pallium, one of the auditory sensitive areas in the telencephalon of anurans. The recording positions ranged from 250-500 μm from the brain's surface. The obtained signal was of bi-phasic pattern, started with positive peak (0.65 mV) followed by negative one (0.15 mV), then returned again to the baseline. The simple tones with a single carrier frequency failed to evoke any potential from this auditory nucleus. In contrast, the complex tones, which comprised the two main frequencies of the mating call of the toad Bufo regularis, were sufficient for evoking potentials from it. As shown in Table 2 , the latencies of the responses ranged from 36 to 42 ms and the response duration ranged from 79 to 85 ms (10 animals).
Discussion
The small size and light weight of any device attached to an animal's head is obviously critical when the animal under investigation is small. For electrophysiological recordings in the awake animals, the use of small attachments also reduces the possibility that the animal removes or displaces them during the recording process. The microdrive, which was developed in the present study, has a length of 25 mm and total weight of 1.5 g. These measures are very suitable to be carried by a small animal like a toad without making disturbances to their normal behaviour and movement. A simple and rapid installation or removal of the microdrive is one of the major advantages that must be taken into consideration for constructing the microdrive (Korshunov 1995; Keating and Gerstein 2002) . In the present design, the attachment and removal of the microdrive from the head of the animal was simple and easy.
One of the main challenges in recording from a freely moving animal is the capacity to easily change the position of the track of penetration in the brain. Several researchers have used different techniques to change the electrode trajectory in the brain of the animal under investigation. A swivelling guide tube held in a small, skull-mounted base by a low-melting-point metal alloy to adjust the trajectories of the microelectrode in the brain was designed (Malpeli 1992 ). Also, a design with eccentric electrode position which changed the penetration track many times in the same animal by placing the microdrive in the base at different orientations was used (Korshunov 1995) . Recently, an implantable recording chamber for exchangeable electrode arrays has been designed (Galashan et al. 2011 ). This overcomes the problem that the probability to record single units or even small multiunit clusters decreases in chronic recordings. In comparison to the previous designs, the present design provides rather simplicity for multiple penetrations via the set screw, which is responsible for the up and down movements of the microelectrode holder. Furthermore, it allows the positioning of the microelectrode in the three dimensions. With the help of the base screw, the microelectrode can move in the dorso-ventral, anterio-posterior and medio-lateral directions. Several previously described drives are composed of a relatively large number of separate components to prevent electrode rotation during advancement in the brain tissue, many of which require fairly sophisticated machining (Bland et al. 1990; Malpeli et al. 1992; Korshunov 1995; Battaglia et al. 2009 ). In the present design, the movement of the driving screw is transferred firstly to the microelectrode holder and then to the microelectrode, in a manner that the microelectrode does not rotate or twist during the advancement and retraction movements. This offers an easy and simple design to minimize the tissue damage due to electrode rotation and hence obtain a relatively high quality of recording. It is also advantageous to choose readily available and economically safe materials to construct the microdrive. The present microdrive is made from plastic materials, which are available, inexpensive and very stable to be used several times in different experiments.
There are no data concerning the behavioural effectiveness of particular acoustic properties in the toad Bufo regularis. However, several investigators have assumed that each species-specific property is relevant to the conspecific animal (see review by Wilczynski and Ryan 2010) . Therefore, the sound stimuli used in this study have been chosen to be simple and complex tone bursts, which have carrier frequencies similar to those extracted from the mating call of the toad Bufo regularis.
In the present study, multiunit recordings in the midbrain (torus semicircularis) were of phasic and phasic-tonic types. These results are in line with the previously reported results. In northen leopard frog (Ranapipiens), torus semicricularis units responses were divided into three major groups, phasic (19 %), phasic burst (10%) and tonic (65%) (Gooler and Feng 1992) . Furthermore, two physiologically distinct classes of neurons in Rana pipiens, based on their response latencies and their selectivities to pulse repetition rates have been identified (Alder and Rose 2000) . The torus semicircularis of anurans, homologue of the inferior colliculus in mammals, has been suggested to be not only a nucleus in the ascending Figure 7 . Evoked potentials response in the medial pallium of the toad Bufo regularis in response to a complex stimulus composed from the two main frequencies in the mating call of the toad (600 +1500 Hz). auditory pathway, but also part of the audio-motor interface (Luksch and Walkowiak 1998; Hoke et al. 2007 ). Furthermore, the variety of inputs reaching the torus shows it to have different types of cells that respond differently to the acoustic stimulus (Endepols and Walkowiak 2001) . In the present study the latencies were 11-18 ms and 9-14 ms for the phasic and phasic-tonic responses, respectively. A shift towards smaller latencies in the torus semicircularis in an immobilized preparation in comparison with recordings in anaesthetized animal was found (Epping and Eggermont 1986) . Latencies between 19 to 21 ms have been obtained in the frog Discoglos suspictus by intracellular recordings in the midbrain nuclei using the isolated brain preparation technique (Luksch and Walkowiak 1998) .
Evoked potentials in the dorsal thalamus (central nucleus) obtained in the present experiment are of bi-phasic pattern, starting with a large negative peak followed by a small positive overshoot which quickly returns to baseline. With respect to the wave morphology it should be noted that evoked potentials reflect global afferent activity and multiple generators may be involved in the production of a particular peak. The auditory pathway is not entirely serial; rather it is also organized in parallel and divergent fashion (Feng and Schellart 1999) . Therefore, some pathways may become successively active in response to a single acoustic event. However, the morphological features of the evoked potentials obtained in this study match previously described evoked potentials in the thalamus of anurans (Hall and Feng 1987; Murdy and Capranica 1987) . In the present study, the latency of the evoked potential responses in thalamus have a range of 17-22 ms. These results are in line with the reported evoked potentials in the thalamus (Hall and Feng 1987) . The latter authors have reported that the latency of the acoustically evoked potentials recorded in the thalamus differ with the rise time of the presented stimuli and ranged from 27.2 ms (at 5 ms fall/rise time) to 46.4 ms (at 100 ms rise/fall time) in the same animal.
Evoked potentials in the present preparation were recorded in the medial pallium, one of the auditory sensitive areas in the telencephalon of the toad Bufo regularis. The response pattern was of bi-phasic type, starting with large a positive peak, followed by a small negative peak. The response latency ranged from 36-42 ms, and response duration ranged from 79 to 85 ms. Large positive potentials from the medial pallium of bullfrog have been recorded (Mudry and Capranica 1980) . While simple acoustic stimuli failed to evoke responses in this region, complex tones with parameters similar to the natural species-specific vocalization were appropriate stimuli. In agreement with the aforementioned report, simple tones of single carrier frequency have failed to evoke pallial responses in this study, however, the sound stimuli which were composed of the two mating call dominant frequencies were able to evoke a large potential from this auditory center. This shows that the acoustic stimulus, which has parameters similar to the species-specific vocalization, is the most relevant sound used to evoke large responses from this species.
In conclusion, the microdrive developed in this study to record brain auditory evoked potentials and multiunit responses, is very suitable to be used with small animals like the Egyptian leopard toad Bufo regularis. This is also indicated by the reliable recordings from three auditory centres at three different levels (midbrain, diencephalon and telencephalon) and verified by the increase in latency of responses as the microelectrode was positioned rostrally along the auditory pathway.
